INTRODUCTION
transformation to CH 3 Hg + , which is the form that most readily bioaccumulates and biomagnifies in marine food webs.
These processes result in CH 3 Hg + concentrations in predatory fish and marine mammel species, including many species eaten by humans (e.g., tuna, swordfish, shark, pilot whale) that regularly exceed guidelines for safe consumption. Indeed, 5-10% of US women of childbearing age have blood CH 3 Hg + levels that increase the risk of neurodevelopmental problems in their children (Mahaffey et al., 2009 ), presumably as a result of eating seafood (Selin et al., 2010) . While the effects of current mercury exposures may not be as overt as those experienced in Minamata, the size of the worldwide population exposed to potentially harmful levels of CH 3 Hg + via seafood consumption is likely in the hundreds of millions.
In addition to the impact on human health, we are just beginning to understand how elevated concentrations of mercury can affect the health and sustainability of food webs. Several studies document developmental and behavioral effects of CH 3 Hg + on fish and other animals at concentrations commonly found in the environment but at levels well below those that cause acute toxicity (e.g., Scheuhammer et al., 2007) . Indeed, some studies suggest that the sustainability of some animal populations may already be threatened by impaired reproductive success as a result of mercury exposure (e.g., Tartu et al., 2013) . 
MERCURY SPECIES CONCENTR ATIONS AND TR ANSFORMATIONS IN THE OCEAN

Reduction
Net reduction of Hg(II) to Hg 0 proceeds strongly enough that Hg 0 is often supersaturated in seawater with respect to the atmosphere (Mason et al., 2012) . In a recent breakthrough, Parks et al. (Fitzgerald et al., 2007) . In contrast, CH 3 Hg + production can be inhibited in sediments with enhanced levels of either organic matter (greater particle binding) or sulfide, which shifts speciation of dissolved Hg−S species to ionically charged complexes that are less bioavailable (e.g., Benoit et al., 1999 and Hg(II) are the end products or by use of the organomercurial lyase protein, MerB, encoded on the mer operon (Barkay et al., 2003) . However, microbial demethylation via the mer operon is likely not the dominant mechanism of CH 3 Hg + loss in anoxic sediment.
Water Column Hg(II) also can be methylated to by microbial remineralization of organic matter (e.g., Mason and Fitzgerald, 1993) , the process that also is partly (Mason et al., 2012) imply that the ability to methylate mercury is widespread among microorganisms, including aerobes.
Burial
On time scales of tens of thousands of years and more, the ultimate sink for mercury is burial in marine sediments (e.g., Fitzgerald et al., 2007; Amos et al., 2013) . Unfortunately, there is not a great deal of data regarding the concentration of mercury in deep-sea sediments. As a result, we do not have well-constrained estimates for the rate at which sedimentation removes mercury from the Balcom et al. (2004) ocean. We can make a first order estimate using studies that observed correlations between mercury and organic matter in sediments (e.g., Fitzgerald et al., 2007) is added to a sediment/rock/water slurry, the mixture is agitated, and the gold is allowed to amalgamate to the mercury. Later, the dense mercury is recovered from the slurry through settling and then boiled off to reveal the precious gold.
Thus, today, Hg analysts use essentially the same technology that resulted in contamination in the past to study the impact of that contamination. The organomercury compounds are determined in a similar process, by derivitization rather than reduction, purge, and trap onto organic-trapping Tenax instead of gold, and separation by gas chromatography prior to analysis to isolate the methylated forms from Hg 0 and Hg(II). As part of the US GEOTRACES program, all of these analyses are performed at sea in a self-contained Hg lab (see figure) . Table 2 shows a few of the forcings that have been considered, some of which display competing impacts on the mercury cycle. Thus, as with many aspects of global change science, the impact on the mercury cycle is very uncertain, which complicates the job of planning for or mitigating the impact of future mercury loadings to the ocean.
REGIONAL IMPACT CASE STUDIES
The future of human impacts on the ocean regarding Hg can already be seen in some locations. Below, we highlight two case studies: one in the South China Sea, which is directly downwind and downriver from the region of largest current anthropogenic Hg emissions, and the other in the Arctic, where a changing climate and unusual atmospheric dynamics combine to threaten people and food webs.
South China Sea
The South China Sea (SCS) receives riverine and atmospheric loadings of Hg from China and surrounding areas, which are among the highest emitters of Hg at present. As a result, the concentrations of Hg found in the SCS are unusually high for a large marginal sea, ranging from 3-10 pM (Fu et al., 2010; Tseng et al., 2012 Table 2 . Potential responses of the marine mercury cycle to various global change forcings. Suggestions are from Fitzgerald et al. (2007) , AMAP (2011), Driscoll et al. (2013) , Amos et al. (2013) , Dijkstra et al. (2013) , Krabbenhoft and Sunderland (2013) , Selin (2013) , and UNEP (2013). and receives a total areal Hg load that is less than half that of the SCS. Indeed, the SCS is closer in areal loading to urbanized embayments like Long Island Sound than the Mediterranean (Table 3) .
Global Change Forcing
So much Hg is in the air over the SCS that in winter, when winds are from the northwest, Hg 0 invades the sea in a situation rarely observed anywhere else (evasion is the norm; Tseng et al., 2013) .
At most times of the year, the evasional flux of Hg from the SCS is virtually the same as that from the Mediterranean and other ocean regions, implying that evasion may not be proportional to total Hg, as is frequently assumed (e.g., Amos et al., 2013 The events themselves may not be new phenomena (Drevnick et al., 2012) (Fisher et al., 2012) . The impact of all these forces might already be having an effect, as certain populations of Arctic animals appear to be threatened by Hg-induced loss of fecundity (Tartu et al., 2013) , and others are likely to follow (AMAP, 2011). As with global warming, the Arctic may be the "canary in the coal mine" for the impact of our past, present, and future releases of mercury to the environment.
WHAT CAN BE DONE?
The 
